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, FOREWORD 
There is ]T1uch interest at this t ime in restoring to productivity those 
areas of land which for various reasons have lost their productive capaci-
ties. One of many ways in which land is taken out of production is by 
strip mining for coal. In removing the overburden from U:e coal to be 
mined, the SQil is destroyed. 
The heterogeneous mixture which results when the overburden is brok-
en up, removed, snd thrown into thE': spoil bank is material from which soil 
eventually will be formed. The t ransformation of this mixture to produc-
tive soli will require many years, depending on the nature of the mixture 
and the possibility of modifying it by applying practices and treatments 
that research has shown to be effective. The Agricultural Experiment 
Station is interested in conducting researeh which will discover the answers 
to the problems of restoring these areas to some degree of prOduction. 
These areas once were covered with soil which supported trees, grasses, 
or cultivated crops. Gra&aes and cultivated crops have relatively shallow 
roots , and fairly high concentrations of plant food must be available in 
the upper layer of soil to support their growth. The acidity or alkalinity 
ot soils affects the availability of the mineral plant foods. and. when either 
is excessive, plant growth may be inhibited. Reference in this bulletin to 
sick snd healthy patches of plant growth in lome of these areas indicates 
plant food deficiencies of some kind. Trees have much deeper and more 
extensive roots than herbaceous plants, and can grow with a much lower 
level of plant food. But a deficiency of one or more plant foods may also 
inhibit the growth of trees. 
This bulletin surveys the situation and outlines some of the problems 
involved in rehabilitating strip-mine areas. Further studies are needed to 
add to the present rather meager knowledgc. The research programs of 
the Departments of Soils and Forestry will Include studies of these prob-
lems in the years ahead. 
J. H. LO:-;Gl'I'ELL, Direcfor 
Milllol,lf; Experiment Stlltion 
LEG EN D 
-_ .. -
---........... , . .. 
c:::::I ... - ... :::::I _ _ __ 
c::::J .... -.. _ 
=--
...... 
·~-= __ ,-·t====""T" 
The Western Interior Coal Province. (Boundaries of the Province from "The 
COal Fields of the United. States," by Marius R. Campbell. U.S.G.S. Professional Paper 100 A. 1922.) 
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STRIP·MINED LANDS OF THE WESTERN INTERIOR 
COAL PROVINCE 
N£UiON F . ROCERS 
IN'TROD{JCrION 
About 65,000 acres of land have been strip mined for coal in Arkansas, 
Oklahoma, Kansas, Missouri, and Iowa. Most of these lands are located 
in 46 counties along the eastern boundary of a region known as the Western 
Interior Coal Province (3)'. The total area atrected by mining operations 
in each of these counties ranges from only a few acres to more than 12,000 
acres; the highest concentration of stripping tor coal in the Province is 
in southeastern Kansas and southwestern Missouri (frontispiece). 
Strip-mined land, increasing in the a rea by about 3,000 acres annually 
during the past 10 years, presents a problem in planned land use. The 
loeal economy, once exclusively agricultural, has now been changed by 
mining to an agricultural and industrial economy. After mining, the af· 
fected area. .should be restored to some kind of productivity. 
The surfaces of land altered by strip mining a re a mixture of diverse 
rocks and soils, piled in a series of narrow, sometimes irregular ridges up 
to 40 feet high and 100 feet between crests. The surface is essentially a 
new medium for plant growth, and its potentialities are not well enough 
known. Recreational facilities, pastures, forest plantations, fruit orchards, 
and flah and wildlife refuges have been developed on these banks with vary-
ing success. 
The Central St a tes Forest Experiment Station made a survey in 1946 
to find out the location, area, and oondition of strip·mined land in the 
Province. In this survey each strip-mined area five acres and larger was 
exsmined to detennine ownership of land, method of mining, date of min-
ing, coal seam mined, name of producer, and current use. A record of the 
topography, texture, acidity, degree of erosion, and density of plant cover 
was made. Maps of each area, prepared from aerial photographs and 
r ecords of coal producers, were verified by actual field checks. More than 
'Numbers in parenthesis r eter to Literature Cited, lis ted on page 4.2. 
6 MISSO URI ACRICULTURAI. EXPERIMEi'i"T STATiON 
600 samples of strata. over the coal seams and more than 200 samples of 
surface bank materials were collected and analyzed for acidity and the 
amount of available phosphorus, potash, calcium, and organic matter, The 
results of this survey and other descriptive information on the rehabilita-
tion of these a reas are summarized in this paper. 
HISTORY OF STRIP l\olINING 
Coal was first mined by stripping in the Western Interior Coal Province 
some time before 1850, and the development of the industry has kept pace 
with the progress of mechanization during the past century. Early dig-
gings were made by primitive pick-and-shovel methods. Later, animal-
drawn scrapers were used. The steam shovel appeared on the scene in 1877, 
and by 1905 r evolving shovels wit h dipper capacities of 2 yards were in 
use. During the past quarter-century some of the largest earth-moving 
Photograph, COurtesy U. S. Soil COnservation Service 
Figure 1.-5hovel and dragilne s tripping operation for the No.6, Weir-Pitts-
burg, coal; Millsourl-Kanlla!! State Line, 4 miles north of Mulberry, Kan.saJI. The 
equipment visible In this figure from foreground to the rear includes : rotary 
pump used to pump surface water out of pit. road grader, trucks for hauling 
coal to tipple, coal.-loadlng shovel, bulldozer used to clean ott coal seam, stripping 
Shove~ WIth capaClty ot Z:S cubic yards, and dragline with a zoo· toot boom and 
9-cublc_yard bucket. The "high-wall" on the right Is about 48 teet high. Newly 
formed banks are on the left. This is a typleal operation with a shovel and drag-
line working in tandem. 
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machines in the world have been used to remove the overburden. Those 
used In this Province include electric and diesel-powered shovels with dipper 
capacities of 35 cubic yards, draglines with 2OO-(oot booms and 15-yard 
BCOOPS, and trucks with capacities of 80 tons for transporting coal from 
pit to tipple. 
By 1946, about 80 per cent of the land Btrip mined was mined using 
powcr shovels, singly or with the dragline and other equipment (F ig. 1). 
Bulldou". carryalls, and leveral kinds of scrapers pulled \\.;t h tractora are 
\lied on some small operations. On large operations the coal seams are 
uncovered by removing succelSive strips of overburden 40 to 100 feet wide 
and 20 to 50 feet thick. The first cut (called the box cut) is made a t 
the coal seam out crop in hiJIy country, or at the property line on level 
terraln. The overburden f rom this first cut Is piled on the ground next 
to the arca to be strip mined. The exposed coal is then loaded into trucks 
and carried to a procelSing plant or a shipping point. When the second 
and lubsequent cuts are made, the overburden II piled into the previously· 
made cuts. The operation of stripping equipment is rather methodical, 
10 fo r any given locality. coal seam, and method of mining, the reBulting 
lurfaces usually have similar characteristics. 
Two hundred and seventeen known operators hsve mined about 86 per 
cent of the total land stripped. Thirty·three companies, 28 of which are 
Itlll operating, have stripped 400 or more acres each. These 33 companies 
have mined 61 per cent of the total strip·mlned land in the Province. In 
other words, as shown in Table 1, about 15 per cent of the known eoal 
producers have stripped 61 per cent of the total strip-mined area. 
'l':I.ble l.--!Wmber of ~ strip-mine q:>erators in theWestern Interior Coal Province 
by states, Size of operat ion, and proportion of total area mined, 1946. 
State 
Arkansas 
Mtslo ... r l 
Oklahoma 
Total 
Total 
n ... mber 
-~ operators 
16 
" 11 2 
55 
20 
'" 
Proportion of Proportion of 
total area N ... mber of total area stripped 
stripped koown operators by operators who 
by Imown who have have str ipped more 
operators stripped more than 400 acrn 
(percent) than 400 acres (percent) 
80 6 40 
73 5 SO 
85 8 60 
89 
8. 
88 
8 
5 
" 
COAL-BEARING FORMATIONS 
" 87 
81 
The following description of the coal-bearing formations in the Western 
Interior Coal Province Is not presumed to be complete. I ts purpose is 
simply to show the close relationship between the character of these for· 
matlons and the problem8 to consider in reclaiming strip-mined land. 
i\11SS0URl AGRICULTURAL EXP£RI:>!£NT SHT10N 
Stra tigraphy 
The coal-bearing rocks of the Western Interior Coal Province were 
formed largely by sedimentation during the great coal-forming age known 
as the Pennsylvanian period. The Pennsylvanian system of rock lies un-
conformably over Mississippian, Devonian, Silurian, Ordivician, Cambrian, 
and Precambrian rocks, and in general dips 20 to 25 feet per mile to the 
west-northwest (5) (6) (8). The rock and coal outcrops are in a general 
north and south direction on the eastern edge of the Province. 
The sedimentation of the Pennsylvanian formations in this Province is 
considered cyclic (1). In each complete cycle, called a cyclothem, eight 
different strala are recognized. From bottom to top, these are sandstone 
(which rests unconformably on lower beds and in some places occupies 
channels cut beneath horizons of other cyclothems), sandy shales, under-
clay, coal, black shale, gray shale, limestone, and calcareous shale. Each 
of t hese strata is discontinuous and varies greatly in thickness. There-
fore, with rare exceptions, cyclothems are incornplete in that they lack 
one or several of the members. The shales are usually the thickest mem-
bers. The limestones are thicker and more widely distributed in Upper 
Pennllylvanian fonnations. Most of the coal deposits in the Province are 
in the Lower Pennsylvanian. 
The Coal Seams Strip Mined 
More than 30 different coal seams have been recognized in the Western 
Interior Coal Province. The oldest seam, No.1, is near the bottom of the 
Pennsylvanian system. Coal seams are usually the thinnest members of 
cyclothems and no single seam is present in all parts of the region. Each 
seam varies considerably in thickness and distance below the earth's sur-
face, so it may be commercially important in some places, of use only for 
local fuel in others, and of no economic value elsewhere. In general, seams 
18 inches thick at'tl.epths of less than 40 to 50 feet are considered minable. 
As shown in Table 2, coal has been commercially recovered by strip mining 
at least three different seams in Arkansas, seven in Oklahoma, nine in 
Kansas, seven in Missouri, and three in Iowa. 
Although coal-bearing formations in the Province extend beyond state 
boundaries, the coal seams have been named more or less independently 
in each state. In some states, three or more local names apply to the 
same coal. The names of the coal seams given in Table 2 are, on the basis 
of the best infonnation avai lable, those most commonly used in each state 
(1), (3), (5), (6), (8) . 
Seventy-nine per cent of the strip-mined area in the Province has 
been created by the mining of five coal seams (Table 3): Weir, No.6; Min-
erai, No.9; Croweburg, No. 12; Bevier, No. 14; and Mulberry, No. 18. 
Ideal strip-mining conditions in the Province require (a) a large area 
of level terrain, (bl a unifonn thickness of good quality coal within 50 feet 
of the surface. and (c) a good market for the coal. These conditions oc-
curred over the largest areas in Cherokee and Crawford Counties, Kansas, 
and in Barton County, Missouri, where the Weir, No.6, Mineral, No.9. 
Table Z.--Coal seaml:l s trip-mined In the Western interior Province by number of seam and local name. 
COar 
~.m 
No. 
28 
22 
19 
18 
17 
18 
15 
I. 
" 10 
9 
• 
• 3 
2 
1 
Slate 
Arkansas OklahOma Kansas Ml.ssourl 
------------_ .. 
Paris 
Charleston 
Lower Uartshorne 
Coal seam name of greatest local usage 
Dawson 
--------.---_.-
Ft: Scott 
Broken Arrow 
Fleming 
Uenryetta 
Secor 
McAlester 
Upper Hartshorne 
Lower HarUshorne 
_ .. y 
Thayer 
.----_._------
Mulberry 
_ .. -----------
--------------
Mulky 
Bevier 
Croweburg 
--------------
Mineral 
Weir -Pittsburg 
Row, 
Columbus 
.--0 ____ -.--.-
Riverton 
--------------
_._-----------
--------------
Mulberry 
-----------_ .. 
---.---------. M,"" 
Bevier 
Croweburg 
FlemiJK 
Tebo_ 
Weir· Pittsburg!! 
..... _._ ... _ .. 
-_ .. _---_._._-
------.-... _--
-----0----.---
10 .. 
--------.--
-----------
-----------
.. __ ._-----
Mystic 
Summit 
----._- .-.. 
.. _ .. _ .... -
Whltebrcast 
-.-........ 
-----------
-----------
-----------
-----------
..... __ .... 
"-'0'-' __ -
!I ~The MIII>;ourl Geological Survey no longer correlates Ihe Minera i Ceal (No.9), of Kansas with the Tebo Coal of Henry Coun-
ty, MissourI. Work now In progr ess by Ihe Survey appears to be leading toward correct corr e\;l tlon of Ihelle two seams, • ac-
cording to Dr. Walter V. Searight of the Missour i Geological Survey. 
'!./ In the ensuing discussions, this seam Is called the · Welr, » 
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Table 3. · ·Area of str ip-mined land 11'1 the Western Interior Coal P rortnct by coal 
seam and state, 1946. 
Weir Mineral Croweburg Bevier Mulberry All 
No. 6 No.9 No. 12 No. 14 No. 18 others To"l 
Stale (a.cr es) (acres) (acres) lacresl (acres) laeruj (acres) 
100M" 5,519 9,435 .., 6,225 1,011 2,505 25,182 
Missouri 8,'190 4,456 2,497 3,858 4,353 1,534 25,496 
Oklaho~ 25' '52 4,114 1 0 3,595 8,316 
Arkansu 0 0 0 0 0 3,170 3,170 
10_ 0 0 0 0 0 2,499 2,499 
To,," 14,563 14,253 7,098 10,082 5,364 13,303 64,663 
% of total 22 22 11 10 • 21 100 
and Bevier, No. 14, coals were mined extensively. As a result, 13,784 acres, 
or 3.6 per cent of the land area in Crawford County; 7,480 acres. or 2.0 
per cent of land area In Cherokee County, and 9,039 acres, or 2.4 per cent 
of land area in Barton County. have been Itr ip mined. Other a reas that 
have met tbese requirements but to a lesser extent are in Bates. Macon 
and Randolph Counties. Missouri, and Wagoner, Tulsa. and Rogers Coun-
ties in Oklaboma. Relatively large areas atrip mined in Miaaouri and 
Oklahoma in recent years have been in rough and hilly country not gen-
erally auited to agriCUlture. 
Overburden Analyses 
Whether or not coal mining by stripping is feasible depends upon the 
thickness, quality, and uniformity of the coal seam, the thicknesa and 
physical character ot the overburden, and the topography of the land. The 
reclamat ion of strip-mined lands is also influenced by these conditions. 
The chemical properties of the overburden also have an important bearing 
on the development of these landa for some productive use. 
The strata overlying coal seams differ widely in thickness and in chem-
ical and physical composition (Fig. 2 and Table 4)'. Because mine banks 
are a mixture of the materials in these strata, a knowledge ot their rela-
tive thickness, composition, and structure is useful in considering the uses 
of strip-mined land. These Itrata are a series of shales, sandstones, lime-
stones, clays, and the weathered der ivities-soil and subsoil. A preponder-
ance ot sand, sandstone, and sandy shalel in the overburden usually re-
sults In banks with coarse texture, good aeration, and relatively low fer-
tility. Banks derived mainly f rom silty shales, loess, and loamy solis 
usua!ly have good aeration and high fertility. Glacial till, being of variable 
composition, producel sandy, loamy, or clayey banks with varying propor-
tions ot boulders. 
The strata over a given coal. seam also vary in thickness and in chem-
ical and physical composition. For example, as shown in Tables l5 and 6, 
the strata overlying the Mineral, No.9, coal in one section of Vernon Coun-
'The 1I.naly~cs glvcn In Tables 4. :; , and 6 are ot sample high-walle and 
ehould not be considered at represtntaUvf! of 11.11 bankll in the region; v1l.rlatlons 
are so great. and dua so volumlnoW!l that separate publications giving detailed 
overburden analyses are planned tor each sta te in the PrOVince. 
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Figure 2.-Sample "high-wall" which &howl about 60 feet of overburden over 
Weir, No.6, coal, Barton County, M1asouri. The description and chemical analy-
sea of strata shown in t his photogTsph are listed In Table ... 
ty, Missouri, were remarkably different from those found over the same 
(XIsl in a Henry County loeatlon. Three distinct seams of thin, unmlnable 
coal and associated underclay •• occurred in the section sampled in Henry 
County, whereas in Vernon County only one coal seam. appeared in the 
high-wall over the No.9 coal. In Henry County a distinct limestone stratum 
was present in the high_wall, but was absent in the high-wail sampled in 
Vernon County. Marked differences in acidity. avaUable phosphorus and 
potassium, percentage ot organie matter, and exchangeable calcium are also 
shown In these two tables. 
The data in Tables 4, 5, and 6 show that different types of mine banks 
may result from different methods of mining. For example, if the highly 
12 MISSOURI ACRICULTURAL ExPERIMI:NT STATION 
'nible ~ .·-Descriptions aDd chemica l analyses of the strata o ver Weir, No.8, coal 
in Barton County, Mi.!lSOllrl. (Analyses are for samples taken f rom hlgh-waU Shown 
In Figure 3.) 
Thiclcness 
Strata. 
No. 
I 
, 
, 
De.cr lptlon of "tntl. 
(Top to bottom) 
BoU--Parsons slit 
I~m 
Subaoll--mottled buff, 
aran&e, black, gray 
streaks, eLaypan 
Shalt--sandy, buff 
4 sandstone--redd1sh-
of 
strata 
(feet) 
I 
8 - 10 
2· , 
b rown, massive 2 - 4 
5 SlIaIe--sUty J buff to 
orange with 1/ 2-tn. 
limestone bands, 
and thin s treaks of 
gypsum crystals 8 - 12 
6 ShaL e --black, s laty 
with one limestone 
band 6-8 
7 S4a1e- -black, lossili!-
erou.s, massive 1/ 2 - I 
8 Q)atuNe>. 7, Pilot , 
not recovered 3/ 4 - 1 
9 Un4er clay--dar k 
blue-iray to gTaY 
10 Suulstone-_calcar_ 
eous , light , ray, 
micaceous 
11 Stt.le--masslve, light 
iUY to dark blue 
and black below, with 
1/ 2 - 2-ln. limestone 
, • 6 
6· 8 
bancla of same color 18 - 22 
!I ppm • parta per million. 
Acidity 
of 
Ilrata 
(P H) 
4.7 
'.8 
'.8 
6.0 
6.2 
7.' 
6.' 
7.2 
Available 
PI'iOs- Potu-
pharll" slum (PPmYj (ppm) 
4 
81 
81 
81 
16 
16 
4' 
81 
43 
" 
" 
22 
140 
137 
78 
140 
140 
Orpn-
" matter 
(%' 
1.9 
.7 
.0 
Elcchange-
able 
calcium 
Very Low 
"'. 
Very low 
.3 Very low 
3.5 Very high 
6.9 Ve ry high 
.6 Very low 
.6 Very low 
.7 Very low 
acid underclay listed in Table 6 comes to rest on t be surface, It will be toxic 
and nonplantable. If, on the other hand, the ealeareoU!l IIhaieli and Iimestonel 
come to reat on the surfaces, it may be highly productive. 
CHARAorER 010' STRIP-MINED LAND 
Airnolt 93 per cent of the Itrlp·mined land in the Western I nterior 
Coal P rovince il a series of low, Iteep, nearly parallel ridges (F ig. 3); the 
rest is level or nearly level. Water covers an elltimated 8 per cent of the 
RESEARCH BULLETIN 475 
, . • J , 
: . ~ -' 
:.,:J if.t ·; 
13 
~ 3.- Aerlal photograph taken On August 9, 1938, of a 64O-acre tract 
extensIvely strip mIned In Barton County, MIII.ouri. Part of the town of MIn-
d~nmlnes (1) Is shown In the upper right border of th e photo. More than 400 
acrOlli, or 62 per cent of the area, Willi stripped (2) tor the Weir, No. 6. coal dur-
Ing the period from 1930 to 1934. In addition, mo", than 40 acres of unmlned 
land a", being used u processing plants and tipples (3) railroads, truck-haul 
roads, refuse dumps, drainage ditches, etc. Unmlned lands not needed for Indus-
tilal Or municipal purposes are used largely for the production of hay. 
An examination In 1946, of the stripped land shown In this aerial view dis-
closed the following conditiollll 8.111 to plant cover and land use: About 30 per cent 
of the land surface Willi barren; :; per cent was weU stocked with trees, Including 
natural cover of elm, black cherry, pin oak, dogwood, willow, and eatalp"" and a 
4-acre plantation of black locu~t, PQnderosa pine, and elliltem red cedar; 20 per 
<:ent of the area Willi covered with such shrubs U coral-berry, sumac, lead plant. 
and bla<:kberry; and 45 per <:ent of th ~ area Willi <:overed with gTllIISes and weeds. 
In addition, the lakes (4 ) !onn~d in the IIna1 cuts of the stripping operation snd 
cover ing 35 acrea, had ~n stocked with game IIsh and were yleldlng good. 
<:atches. 
14 MlSSOURI ACRlCULTURAL EXPERIMENT STATION 
llurface of most areas and as much as 20 per cent of the strip-mined land 
in some sections. 
BankJ! are a structureless conglomerate of soil, subsoil, and unweath-
ered rocks (Fig. 4). Depending on which are the most predominant, sur-
face texture is described in this paper as stony, shaly, sandy, silty, clayey, 
or a combination of two of these. The chemical reaction of surface mate-
rials is described as toxic (pH below 4.0), acid (pH range of 4.1 to 6.9), 
or calcareous (pH 7.0 or higher). Most mine banks have enough phos-
phorus, potash, and calcium to support good plant growth. About!)4 per 
Tilble 5.- -Descriptions and chemical analyses of strata over Mineral, No.9, coal at 
one location. in Vernon County, MlssolU"l. 
~~;:;;:;;;:;;;and chemical analyses or strata over Mineral, No.9, coal at 
Exch1nge -
Description of strab. strata phorus slum matter able 
{Tol! to bottom) (feet) (ppm! /) (ppm) (%) calCium 
SoU--graylsh-brown, fine 
sandy clay loam 1/4-11/2 5.) 5 137 1.0 Low 
Subsoll--claypan, gray 
brown to orange butf, 
sandy clay with chert in 
lower one-haU, mottled 
orange, gray, and black 6 - 10 5.9 8 1<0 .8 HI", 
Shale--lIght gray, silty, soft 2 • , '.2 21 140 6.0 Medillm 
Shale--ollve drab on top, 
sUty, to dark bille with 
var l-colored streaks of 
orange, yellow and red; 
2 _ 3 teet thin black slaty 
shale on bottom 4 . 8 4.6 13 140 6.0 Medium 
Coa.l-_soft and rotten 1 - 1 1/ 4 4.0 12 124 6.0 Very high 
Underclay--moltled gray, 
orange, and red 2 . , 9.7 9 14. 9.9 Medium 
Shale--lIght blue-gray with 
tan and yellow streaks, 
sandy, silty clay 1 . 8 9.' 
" 
1<0 1.4 Very low 
Shale--blue to dark blUe, 
Silty, soft; limestone band 
on bottom, with redd ish 
and yellow streaks 3 - 10 6.6 23 1<0 2.8 Very high 
Shale--dark blue to black, 
very hard, fosslll1erous 
below, with phosphatic 
nodllies and pyritic con-
cretions 4 ·8 7.0 36 140 6.0 Ve!Z high 
11 ppm. parts per mtlllon--In Low Medium High 
terms ot- - "low," ~medlum,· { phosphorus 3 - 30 31 - 60 ,,. 
or ~h!gh~ potassll1lll 30 - 60 61 - 100 101-+ 
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'hble 6.··Descr iptions and chemical analysts of Slrata over Mineral, No.9, coal at 
Description of strata 
(Top to bottom) 
SoIl··gray-bro1;\'TI. very Hne 
sap"Y loam 
SIlMoIl.-claypan. mottled 
gray, red with 1 1/2 feet 
cherty gravelln places 
Coal··strealc, solt 
Under clay-- mottled, mostly 
r eddish 
strata 
(feet) 
1 ·11/ 2 
3 - 12 
o • 1/ 4 
3 - • 
5ha.le-·olhe drab to oUve 
gray, with <lark strea.lu. that 
have plant fossils, and with 
red4i.5h iron concretion, 
silty . -. 
5h.ale-·bllll to bille-black, 
slaty 
Limtstone- -dark blue, very 
2 - 4 
hard 0-2 
Coal··very hard where 
present 
Under clay··gray 
5hale··hud graylsh·stone 
on top, more shaly below 
Shale - ·blll! to blue-blaek, 
hard, slaty; Ume rock on 
bottom tn places 
Coal· -streak, very hard 
Shale-·black, slaty with sev-
eral fossUUerous lime-
1 · 11/ 2 
• - 6 
2 - 4 
0- 1/3 
stone layers 4 - 8 
!I ppm. parts per million. 
strata 
(pH) 
5.0 
5.' 
••• 
••• 
7.2 
3.' 
7.' 
'.0 
phorlls sillm 
(ppm I!) (ppm) 
3 340 
140 
" 
43 134 
43 340 
12 140 
os 13. 
32 140 
" 
140 
Exchange· 
matter able 
('1,) calchlm 
'.3 Very low 
•• 
Very high 
•• 
Low 
1.1 Very high 
3.3 Very high 
2.' Very low 
1.2 High 
' .2 Very high 
6.0 Very hlgh 
cent ot the strip-mined land In the Province In 1946 supported some vege-
tational cover, even though about one-half of the area had been stripped 
during the previous 10 years. 
Topography 
Str ip-mined lands are usually a serles ot steep ridges, ::'i to 00 feet high 
with creats 40 to 100 feet apart. The actual width, height, and steepness 
ot ridges vary with the character and thickness of the overburden, the 
width of the cut, the type ot stripping equipment used, and the age of the 
banks. The first ridge or bank, called the outside bank, usu,Uy contains 
I6 MISSOURI AGRICULTURAL EXPERIMENT STATION 
Figure ".-Elghteen-month-old bank, Crawford County, Kansas, created by 
eJe(:tnc shovel mining the Weir, No.6, co&!. The surface is composed of 17 per 
cent soli-sized partlclea, 2 mm. or leas In diameter; 39 per cent larger particles. 
2 mm. to 2 Inches in size, and H per cent, 2 Inches and larger. 
a larger proportion of soil-sized particles and since it is piled on unstrlpped 
ground, is usually higher than the other ridges. The final cut, generally 
left unfilled, is a long deep pit with the vertical high-wall on one side and 
a steep bank on the other side. 
The flat or gently sloping banks in Arkansas, Missouri, Oklahoma, and 
Iowa are generally those resulting from stripping with a bulldour or scrap· 
er. In Kansas, however, 3400 of the 3630 acres of banks in this topographic 
class are the result of grading performed as the first step in reclaiming the 
land by the Civilian Conservation Corps during the period from 1933 to 
1937. 
Water often collects in the low places between the ridges and on the 
partially graded areas ; as a result, small, intermittent, shallow ponds are 
formed (Fig. 12). The abandoned runways, roadways, and final cuts, all 
of which may be connected, often become tilled with water and form lakes 
40 to 80 feet wide. up to 50 feet deep, and 5 miles long. 
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Texture 
The texture of mine bank surfaces varies with the type of overburden, 
method of mining, and years since stripping. About 3 per cent of the strip-
mined lands in the Province were classified as sands, 78 per cent as loams, 
or silty-shales, and 19 per cent as clays, It was estimated from the data 
shown in Figure 5 that 30 per cent of the average bank surface was made 
up of particles less than 2 mm. in diameter, 26 per cent 2 mm. to one-half 
inch in size, 33 per cent one-half to 4 inches in size, and 11 per cent of stones 
larger than 4 inches. 
These percentages are, of course, only averages, and give a general 
picture of the texture of this material. Some of the many variations in 
the texture of strip-mined lands are shown in Figures 4, 5, 6, and 7. For 
example, Figure 5 shows that No.6 banks in Oklahoma are composed 
almost enti rely of particles less than one·half inch in size, while the pro-
por tion of these size classes on the No. 15 banks in Missouri is less than 
50 per cent. On the other hand, the average composition of No. 15 banks 
in Missouri. Kansas, and Oklahoma are strikingly similar in that each has 
a much higher proportion of large stones than do other mine banks in the 
Province. The average proportion of soil-sized particles, an important 
factor in plant growth, varies from 20 per cent for No. 19 banks in Okla-
homa to about 50 per cent for the No. 28 banks in Kansas. 
The tex ture of strip-mined lands has an important bearing on aeration 
and moisture conditions, both critical factors in plant survival and growth. 
Areas composed largely of sand have good aeration but are apt to dry out 
excessively during periods of extreme drought. Clay banks have poor drain-
age, compact easily, crust over during periods of drought, and are poor ly 
aerated. More shallow ponds are found on clay banks than on those of 
coarse texture. The loams and silty shales are considered the most pro-
ductive because they usually contain enough shale to provide good aeration, 
and enough fine material to offer favorable moisture conditions. 
Aeidity 
Acidity is perhaps the most important of the many site conditions to 
consider in reclaiming strip-mined land. SOme of the strata removed in 
strip mining contain iron polysulfides, such as pyrite and marcasite, which 
oxidize to sulfates when exposed to air. These sulfates in turn hydrolyze 
to sulphuric acid, the cause of most toxicity in bank material. 
Little or no plant cover was found on areas with a pH of less than 
4.0. For practical purposes, until more research yields accurate acid-toler-
ance data for different species, banks with a pH value of less than 4.0 have 
been classified as "toxic" or "lethal" to most plant growth. 
In the reconnaissance of strip-mined land in the Province. the mine 
banks were classified according to the proportion of the banks within given 
pH ranges ( 4. ). The following five classes were used : 
1. Toxic ba.nks. Areas that have more than 75 per cent of the sur-
face material with a pH of 4.0 or less. Only 2 per cent of the total 
area of strip-mined land in the Province were in this class. 
18 
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Figure 6.-Fourteen-year-old strip-mined land in BAtes County, Missouri. 
The slopes a re covered with a shingle-like layer of hard, thin shale. Very few 
plante develop on then elopes, although many speciea grow very well In the 
bottom: The species molt commonly found are: l'Nut clover, wire gr&8ll, poke-
weed, bullnetUe, cattail, cocklebur, peppergr&8ll, pobon Ivy, SWlnower, blackberry. 
coralberry, sumac, cottonwood, and willow. 
2. Marginal banks. Areas that have 51 to 75 per cent of the surface 
material with pH range of 4.0 or lesa. Only 2 per cent of the atripped 
lands in the ProvinCe were in this class. 
3. Acid banks. Areas that have more than 50 per cent of the surface 
material with a pH of 4.0 to 6.9. Se"enty per cent of t he atripped 
lands in the Province were in this class. 
4. Calcareous banks. Areas that have more than 50 per cent of the 
surface material with a pH of 7.0 or higher. Thirteen per cent of 
the stripped area in the Province were in this class. 
5. l\-lIxed banks. Areas that have leBS than 50 per cent of surface 
materials toxic, acid, or calcareous. Thlrteen per cent of the strip-
mined lands in the Province were in this class. 
Although t he toxicity problem is relatively unimportant from a re-
gional standpoint (only 4 per cent of total area Is toxic or marginal), It is 
eapecially serious in Borne localities. In Iowa, 19 per cent of the stripped 
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Figure 7.-Mine hanks created by a dragline and a shovel working in tan-
dem, Henry County, Mill$OurI . These new banks, less than 1 year old, are com-
posed. of more than ~ per cent soU-sized particles (less than 2 mm. In diameter), 
and have- less than the average amount ot stone on the surfaces. 
lands were found to be toxic or marginal. In Boone and Callaway Counties, 
Missouri, 92 and 63 per cent, respectively, were found to be toxic or mar-
ginal. It will be a long time, perhaps several decades, before these areas 
are pJantahle. In future operations, the proport ion of toxic banks may be 
reduced if feasible methods of stripping can he developed to bury toxic 
materials deep in the banks. 
Nutrient Content 
As shown in Tables 4, 5 and 6, the availability of mineral elements 
. essential to plant growth varies considerably in strata overlying coal seams. 
These strata, randomly mixed in the stripping operation, produce banks 
which also vary greatly in chemical composition from area to area and 
f rom spot to spot within an a rea (Table 7). Among the samples analyzed, 
the amount of available phosphorus varied from only a trace to more than 
600 parts per million, and potassium varied from little or none to 350 parts 
per million. The amount of exchangeable calcium was just as variable. 
Mor e r esearch on the nutrient requirements of t rees and agricultural 
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Table 7.--Acidlty, available phosphorus and potassium, exchangeable calcium, and 
organic content of IS r anclom samples taken from surfaces of strip-mined land in the 
Wester n Interior Cnal Province. 
Avail_ Avail -
able able Organ-
phos- potas- Exchange-
" C~, Sample Acidity phor us slum able content 
State Count~ seam number (I1:H) (11:I1m l/~ (112m) calcium 
"'I 
Oklahoma Wagoner 
" 
, 7.93 106+) 103 Very high 1.44 
Oklahoma Wagoner 
" 
5 4 .S1 106~ 93 Very high 1.54 
Oklahoma Wagoner 
" " 
3.67 90 75 Very high 2.38 
Kansas Cherokee ,. , 7.26 106+ 85 Medium 1.35 
Kansas Crawford ,. 8 5 .S8 32 
" 
Very high 1.85 
Missouri Randolph ,. 6 3 .07 99 
'" 
Low .SO 
Kansas Cherokee 9 , 3.75 106+ 53 Medium high 1.67 
Kansas Cherokee 9 9 7 .0S 106+ 85 High L IS 
Kansas Crawford 9 
" 
3.27 83 
" 
Ver y high 6.00+ 
Kansas Crawford 9 50 5.4S 56 ;0' Medium 1.12 
Missouri Henry 9 8 6.25 
" 
68 Very high 
." 
Kansas Crawford 6 , 4.02 106+ 67 Medium .95 
Kansas Crawford 6 n 3.61 36 
" 
Medium 1.02 
Missouri Barton 8 8 5.90 
" 
95 Medium 1. 54 
Missouri Barton 6 ;0 6.40 106+ 
" 
Me~ium 1.76 
Missouri Bates 
" 
;0 7.55 106+ 63 Medium 1.00 
Missouri Bates 
" 
2 4.59 ;0' 140+ Very tlJgh 1.80 
Missouri Bates 
" " 
7.83 106+ 
" 
Ve~ his:h 1.10 
! / ppm _ parts per million. 
~/ Figures followed by . +~ are upper limits of the test. 
crops to be grown on mine banks is needed. However, trom t he analyses 
ot 200 spoil samples made in the P rovince, it appears t hat strip-mined land 
contains enough mineral nutrients tor good plant growth. Nitrogen, at 
first generally lacking, is added by precipitat ion and by leguminous plants. 
Weathering 
Bank surfaces weather largely as a result of the interaction of physi-
cal, chemical, climatic, and biological factors. P hysical disintegration is 
caused principally by freezing and t hawing, by wetting and drying, by the 
beating of rain drops, by the action or winds, and by the pr essur es of grow-
ing plant roots; it is generally quite r apid. Chemical decomposition, on the 
other hand, is largely due to the leaching of soluble compounds, and is rela-
tively slow. Because the bonding substances within rocks vary in chemical 
composition and solubility, rocks decompose at widely varying rates. The 
soluble compounds and the smaller-sized particles are leached into the earth 
or deposited in the bottoms between ridges (Fig. 6). 
Since theSe weathering factors and t he character of banks diffe r by 
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locality, coal seam, and mining method, banks of the same age may show 
marked differences in weathering. Age alone, then, is not a good criterion 
for judging the degree of weathering, nor the readiness of an area for 
planting. Of more. importance, perhaps, are the stahility and texture of 
bank surfaces. For example, consider two strip-mined areas in the same 
locality, resulting from the mining of the same coal seam and overburden. 
On one of these areas a different method of mining was used; most of the 
soil, glacial till, loess, and clay came to rest on the tops of the banks. The 
method used in stripping the other area caused massive limestone and sand-
stone to come to rest on the tops of banks. This area, even if much older 
than the first, would no doubt have a much lower proportion of soil-sized 
particles and weathered material on its surface (Table 8.) 
New mine banks are relatively unstable. During the first two or three 
years they slip and slide until they reach a stable position (Fig. 7). Verti-
cal settling takes considerably longer and erosion continues until the banks 
are well covered with vegetation. During this settling period the tops of 
ridges become rounded, vaUeys between ridges flatten, and the length and 
gradient of slopes is reduced. Erosion on strip-mined lands is a natural 
leveling process within the strip-mined areas itself. Except for the outside 
banks, all of the water-transported materials are deposited in the valleys 
between ridges. The amount of material moving into streams is of no sig-
nificance, except in a few, relatively small areas. 
Table 8.--Average proportlOI1 of sOil-sbed material!! to depth of 12 Il1clles as re-
lated to coal seam, age of banks, and metllod of mining, 011 14 strip-mined areas In 
tile Western Illterior coal Province . 
Coal 
seam 
No. 
, 
, 
6 
9 
9 
9 
9 
f2 
I. 
I. 
I. 
19 
19 
19 
Ag' 
of 
spoils 
(years) 
17 
f2 
2 
S 
9 
5 
1 
13 
I. 
S 
2 
15 
5 0>1 
11 Less thal1 2 mm. in diameter. 
Method 
or 
mining 
Shovel 
Shovel 
Shovel." 
Shovel~ 
Shovel 
Shovel Tal1dem~1 
Shovel 
Shovel 
Shovel 
Shovel 
Shovel 
Shovel 
Shovel 
Proportion of 
soil-sized 
material 
(percel1t) 
.7 
43 
17 
39 
38 
.0 
50 
.7 
50 
37 57~ 
'0 
52 
32 
Number of 
samples 
analyzed 
13 
f2 
13 
30 
27 
13 
13 
13 
11 
13 
11 
13 
13 
7 
?! Graded area created at time of mining with small dragline on lop of the stripped 
area. 
~~ Banks created. by Shovel and dragllne working in tal1dem. 
- Influel1ce of large amount of glacial till depoSited on surface. 
~ Graded with a bulldozer about 3 months before soil samples were collected, about 
5 years after the banks were created.. 
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Plant Co" er 
Durin&" the reeonnaissan<:e in 194.6 , m Ol"e than 70 speci~ of trees and 
over 200 lpe<:iel of shrubs and herba were found on It rip-mined land." The 
plant oover variel in amount and ~pe<:ie~ composition with the <:oal mined 
(Fig. 8). Only 28 per cent of the banke formed by the mining of the No. 
PROPORTI ON OF STRIP_M INED AREA 
.' 
PERC ENT 
~ ... - .... " D --,,·· ... 0 .. -
Fli"\l« S.- Proportlon of strip-mined land In four main daMes of vegeta-
tlonll eover by ltatea, tor each ot the principal coal seams strip mined In the 
W",. tem Interior Coal Province, 1946. 
'For a partial Ibt of these spec!ea. an pagl! U·4~ In the Appendix . 
• 
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12 coal in Oklahoma were covered with vegetation in 1946, while more than 
88 per cent of the banks formed by the mining of the No. 15 coal in Kansas 
were covered. 
About 6 per cent of the strip-mined area has been successfully planted 
or seeded with forest trees, orchard trees, vines, grasses, and legumes. 
Most of these plantings are on No.6, 9, and 14 coal banks in Kansas and 
Missouri. Approximately 11 per cent of the area was covered with forest 
trees and about 37 per cent was covered with herbs and shrubs. all of which 
seeded-in naturally. So in 1946 an estimated 54 per cent of the strip-mined 
land supported some kind of vegetation. 
Most of the strip-mined land with no plant cover was mined relatively 
recently (Figs. 4 and 6). However, some hanks, although nontoxic, become 
covered with vegetation very slowly because of poor seedbed conditions on 
their surfaces. For example, the hard, thin, plate-like particles of -shale 
which cover the area shown in Figure 7 create a shingle-like surface and 
make plant establishment difficult. 
No systematic studies of plant succession on strip-mined land in the 
Province have been made. In general, light-seeded species and thOlle whose 
seeds are carried by birds and mammals are the first to invade the banks. 
The density of cover and the rate of plant succession vary considerably 
with differences in acidity, texture, and stability of surfaces. During the 
reconnaissance, the most common species found on Weir, No. 6, banks, for 
example, were broomsedge, little blue-stem, buJlnettle, wire grass, pepper-
grass, and blackberry (Fig. 9). Large areas of No.9, Mineral, banks were 
covered with sparse stand.!! of peppergrass, rattlebox, ticklegrass, and black-
berry. Mullen was found on No. 15, Mulky, banks and those from higher 
coals, but not on areas where coal was stripped from seams lower strati-
graphically than No. 15. 
Heavy stands of lespedeza and sweet clover seeded naturally and arti-
ficially were found on the calcareous banks of No. 9, Mineral, No. 12, Crowe-
burg, No. 14, Bevier, and No. 18, Mulberry, coals. These legumes were not 
found on the acid banks. 
Stands of cottonwood developed on all except toxic surfaces. The very 
light seed of this species has a short period of viability, and seedbed re-
quirements for germination are exacting, but when proper conditions exist, 
heavy stands of cottonwood do become established as illustrated in Figure 
10. 
Correlation With Coal Seams and States 
The foregoing description of strip-mined areas in the Western Interior 
Coal Province has emphasized the extreme variations which occur. How-
ever, banks resulting from the mining of each coal seam in each state do 
have certain characteristics in common as shown in Table 9. Color, acid· 
Ity, and texture are the most · distinctive of these. The surfaces resulting 
from the mining of Weir, No.6, coal are perhaps the most uniform. In 
Kansas and Missouri tbey are generally a tan or gray, silty or sandy shale, 
containing a small amount of sandstone, and having a pH range from 4.0 to 
RE5£,\.RCIf BULLETIN 475 2S 
Flgun 9.-Thlrteen-year-old W eir. No.6. banks in Barton COunty, Mi~url, 
with an estimated 95 per cent of the Burface covered with plantB of the following 
sp~!es! broomsedge. litUe bluestem. poison Ivy, blackl)erry, w!ld onion, sumac. 
wild aster, coralberry, peuimmon, black cherry, elm, and sliver maple. These 
species are intermingled at tlrst but in time $Orne of the BpecleB" develop pure 
stands over small areas. 
6.0. In Oklahoma, where the No. 6 coal seam is known as the Secor, the 
surface is an olive-green to dark blue, acid, silty shale. 
The banks from Mineral, No.9, coal are the most variable. Some are 
acid, gray to black, silty and clayey shales, with scattered amounts of 
massive sandstone and limestone; some are toxic and nonplantable, and 
still others are black, calcareous, clayey shales. 
PRESENT USES OF STRIP-MINE D LAND 
The 1946 reconnaissance revealed a surprisingly large number of uses 
of strip-mined lands in the Province (pp. 44·51 in Appendix). Planned use 
was being made of more than 12,000 acres, about one·fifth of the total area. 
About 600 acres were improved cattle pastures, 170 acres were in orchards 
or vineyards, 5,000 acres in well-stocked forests, 750 acres in public parks, 
and 500 acres in private hUnting and fishing grounds. In addition, some 
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F1f\U"I lO.-Twelve-year-old natu.nJ ltand of cottonwood, Ratts COunty, 
r.liuourl . Elm. seedlings were abundant under thla stand In 1946. 
strip·mlned land was used for barnyards, bee pastures, industrial sitel, 
dUDlping grounds, and for growing lus:h crops as com, soybeana, alfalfa, 
and garden vegetable •. 
Cattle Pastures 
Improved paatures on strip-mined landa in the Province yield good 
returns. Calcareous areas with a high proportion of soil make particularly 
good paatures because they wJll produce luxuriant stands of sweet clover 
and lelpedeza (Fig. 11). To develop pasture, it may be necessary to con· 
atruct access roads, fence the area, and leed it to grasses or legumes. The 
many ponda and lakes created by mining afford a year-round lupply of 
water auitable for livestock-an a8lIet in any pa.sture. Adjoining unmlned 
l:mds are usually included in pasture developments. 
Since 19.6, m additional paature projecu have been developed, in-
volving lOme 5,000 acres of strip-mined land (Fig. 12). Two of these are 
located in MislOUri, three in Kansaa, and one in Oklahoma. If these pro-
jeeta prove sueeeasful they will demonstrate a good use of large areaa ot 
calcareous .tr lp-mined land in the Province. 
. 
-
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Flrure 1l.-Oen3e patc:hy natural st&nd of .weet clover on ulcueola par-
Uon. of Mulberry, No. 18, banks In Bates County, Mi3souri. The bue areas Iln! 
acid. 
Fruits and Berries 
Orchards and vineyards established on strip·mined land in the Province 
hsve met with varying success, Like enterprises of this kind on other 
lands, success depend. largely upon the can and maintenance they receive. 
Before planting, the stripped land must be graded so trucks, spray equip-
ment, and other machinery needed to cultivate and harvest the crop can 
be used, 
One of the outstanding o:rchards on stripped land In the Province is in 
Barton County, Missouri, This ll·acre tract has produced good crops of 
grapes, apples, cher ries, peaches, plums, black walnuts, and pecans, An· 
other 4:\ acres located near Croweburg, Kansas, are no longer productive 
because they have not received proper care, 
An orchard and a vineyard of over 180 varieties were established in 
1940 and 1941 on graded strip·mined areu 6ve miles southwest of Pitta· 
burg, Crawford County, KaIllj;1lI (2). Several vsrieties of fruita and berries 
were successfully cultivated. Lack of fundi interrupted proper mainte-
nance of the project.' 
'In 19tsO this project w .... uaJ1lIferred to KanlJU State Teachen COllege, 
Plttaburr, Kanaaa, for m&lntenance and further development. 
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Thousands of quarts of blackberries. dewberries, wild plurra, black 
cherries, and other fruita are harvested annually from stripped lands in 
the Province. Since fhe fruita a re gathered largely by local people for 
canning and immediate table use, the economic value of these erops is diffi-
cult to estimate. 
Forests 
The forested strip-mined land in the Province includes about 2000 
acrel of natural foreat (Fig. 13 ), and over 3000 acres of pIantationa. Prod-
ucts, such as fence posta, railroad ties, logs for lumber , fruits , edible nuts, 
and Chris tmas trees have been harvested from trees growing on theBe lands. 
However, up to the present , indirect benefits, largely intangible, exceed 
the value of the products harvested from trees. The forests have provided 
good habitats for many species of wildlife and have increased the recrea-
tional value of these lands. 
Natural stands of cottonwood, elm, and pin oak have developed on 
many areas of from 1 to 50 acres. Occasionally mixed " ith these specie!; 
or growing in relatively pure stands are green ash, black walnut, black 
cherry, silver maple, pecan h ickory, bur oak, eastern red cedar, several 
Figu" 12._New paature project on Minerai, No. 9, coal bank.9 In Cherokee 
COunty, Kansaa. Acce .. road! have been constructed by striking off the top. ot 
tht. ridges with a bulldo'l:t.r. The area w ill be seeded WIth lespedeu Md sweet 
clover. 
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FlS'\'« 13.-Thirty·year-old st&nd of mixed hardwoods, Vemon COllflty, ]on. 
~uri. A pecan. hickory tee1Jing Ia growin( in the openinl' created by cutting an 
IS-Inch pin oak (note stump ). Other speeles In the ltand are elm. blsck cherry. 
sUver maple. and black walnut. 
species of willows, sycamore. catalpa, and black locu.st. Closed standa of 
black locust in which the trees have good form and excellent height and 
diameter growth have developed in a few places (Fig. 14) . One 3·acre area 
in Missouri became stocked with an almost pure stand of black walnut, 
which at 30 years of age had about 70 tJ"te.s per acre. These trees were 
about 13 inches d.b.h. and 50 feet high, had good form, and were growing 
better than the average rate for the species. With the exception of black 
locust, osage orange, and catalpa, all of these species are native to the 
region. 
Successful foreat plantations had been established before 194.6 on 210 
acres in Oklahoma, 2575 acres In Kansu. 208 acre. in Missouri, 16 acres 
in Iowa, and 4. acres In Arkansas. Most of the older plantations were made 
under the sponsorship or supervision of federal or state agencies during 
the yean 1930·194.2. 
Fores~ PJ,nt,tions in Ok/lthom, 
The U. S. Soil Conservation Service has direded most of the planting 
of strip·mined land in Oklahoma as a part of the individual farm planning 
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Figure U.-Natural stand of 30·year-old black locmt, Crawford COunty, 
K&nu.t. The trees have good form and diameter and height g:rowth. 
prognms. Black iocu.st waa the principal species planted. Other species 
uSed were: mulberry, osage orange, catalpa, red oak, bur oak, boney locust, 
black walnut, silver maple, hackberry. Chinese elm, and Kentucky coffee 
tree. Most of these plantations were made to produce fence posts. Black 
locust had the best lurvivai and growth rate and produced fence posts at 
an early age. 
A thinning of a 7·year-old, a·acre black locust plantation in Wagoner 
County, Oklahoma, produced 1000 fence peats which sold for $250. This 
represents an average growth of 50 posts per acre per year, and an income 
• 
• 
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of $12.50 per acre per year. Black loeust sprouts are rapidly filling the 
openings created by the thinning. Five years after the thinning, 71 per 
cent of the stumps had vigorous sprouts which averaged 19.5 feet in height. 
The average height of the original trees was 27.6 feet. Additional thin-
nings for fence posts can be made about every 5 years (Fig. 15). 
Figure 15.-A 12·year-old black locu.$t plantaUon, Wagoner County. Okla-
homa, which was thinned at the end ot the seven th year for fence posts. The 
stand per acre was composed of 620 original stems, Which averaged 3.1 inches in 
d.b.h. and 27.6 feet in height, and 230 ~-year-old sprouts which averaged 1.7 inches 
in d.b.h. and 19.5 feet in height. Note the stump in the right foreground, made 
by cutting one stem of a twin tree (no sprout on the stump); and the stump and 
vigorous sprout in the lett edge of the figure. A second thinning for fence polIts 
could be made. 
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A 7-year-old black locust plantation in Haskell County, Oklahoma, 
supported more than 1300 trees per acre. The average height of these trees 
was 23.0 feet, which is an average height growth ot 3.3 feet per year. H 
th~ stand were thinned for fence posts, it would not only produce cash 
income but the trees remaining in the stand would benefit. A black locust 
plantation with a spacing of about S x 8 teet on a Wagoner County, Okla-
horna, strip-mine area completely shaded the ground in three growing sea-
BOilS (Fig. 16 ). 
Although black locust borers (C)-Ilene roblniae. Forst.) have cau!.ed 
no serious damage to treeS in the plantations described above, they have 
literally riddled the bole of every black locust tree in some plantations in 
nearby Tulsa and Mayes Counties. The growth r ate of the trees in these 
plantations was poorer and this may account for the heavy infestation of 
borers. The borer -damaged trees have been broken by wind and ice and 
are worthless for poats, but sprouts from these damaged trees and new 
seedlings prov;ide an effective ground cover_ 
Forfls f P Jllnfu;ons in K llnllls 
During the past 1~ years. more than 2~OO acres of strip-mined lands 
in Kansas have been plsnted_ Although most of this area was planted with 
black walnut, some plantings were made of black locust, cottonwood, bur 
F1,ure 16.-Three-year-old black locuat plantation in Wagoner County, Ok-
lahoma. Excellent survival and vigoroua growth ot theae treell. pl~ted about 
8 x 8 teet. has caused crowna to cio.sc and completely IInade the ground. 
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oak, American elm, Chinese elm, silver maple, hickory, pecan hickory, ca-
talpa, ponderosa pine, jack pine, white pine, Scotch pine, eastern red cedar, 
and Lombardy poplar. Except for black walnut, the number of t rees plant· 
ed is too small to warrant any general statement as to survival and growth. 
Over 2000 acres of graded and partially graded strip-mined land in 
Cherokee and Crawford Counties, Kansas, are now stocked with 300 or 
more stems of black walnut per acre (Fig. 17). These plantations were 
established in 1934-1937 on State-owned land by the Civilian Conservation 
Corps. The total height and diameter at breast height of over 400 of these 
black walnut trees were measured in January 1948 (7). The trees aver-
aged 2.5 inches in diameter and 15 feet in height. This represents an 
annual growth of one-quarter of an inch in diameter, and more than 2 
feet in height. Seeds have been produced by some trees in these stands 
for more than 5 years. 
Figure 17.-A 12-year--old black walnut plantation on partially graded strlp-
mined land, Cherokee COunty, Kansas. Note the crop of nuts on large crowned 
tree In the right foreground. 
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~orfl$t PJ~ntations in Missou.i 
A little more than 200 acres of strip-mined land in Missouri had been 
planted with forest trees before 1946. The oldest known plantation, lo-
cated in Barton County, Missouri, consists of 20 acres which was planted 
with catalpa in 1933 by a mining company (Fig. 18). A commercial thin-
ning of about 200 fence posts from this plantation would not only produce 
an income, but would also improve the growth of the remaining trees. 
The Soil Conservation Service on their Cedar Creek Projeet in Calla-
way County, Missouri, established a 6-acre plantation in 1941 to test the 
ability of 20 tree species to survive and grow on a specific type of bank (see 
list of species planted on page 51 in Appendix). Shortleaf pine trees were 
growing well, and appeared to be vigorous and healthy (Fig. 19). Survival 
of eastern red cedar was excellent, but growth was very poor. 
Twenty additional known plantations have been established since 1936 
using black locust, bur oak, white oak, black cherry, yellow poplar, catalpa, 
ponderosa pine, jack pine, Virginia pine, Scotch pine, and eastern red cedar. 
Although no general planting recommendations can be made from the ob-
servations of these plantings, some, such as Virginia ana jack pine (Fig. 20) 
and yellow poplar ( Fig. 21) have shown good. survival and growth. 
Figure 18.-Thirteen·ye&r-old cualpa plantation, Barton County. Missouri. 
A thinning ot 200 to 300 fence posts per acre could be made from this plantation. 
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Flg1Lre 19.-Six-year-old shortleaf pine pisntaUon in Callaway County. Mis-
souri, The eurvival and growth of the trees an good. 
SeriouJ Dis.ues . na Pesu of PI,n ~ea T,u s 
Some of the trees planted on stripped lands have been damaged by 
diseases. insects, and mammals. Only the moet common diseases and in-
juriea from pests are described in this paper. 
Black locust borers, for example, inCest black locust in many areas. 
They riddle the bole of the tree so that It becomes worthless as post mate-
rial. Vigorous t rees are generally less susceptible to borer damsge. Al-
though no practical method of control has- been found, spraying or d usting 
with DDT may be effective. Not to be confuaed with tbe locust borer is 
the caterpillar etage of the locust twig borer, Ecdyu.lopha insiUciau, which 
causes swelling and some breakage of terminal twigs. 
Nantucket Tip Moth, Rhyaeionia Ftustrana, Cornst. , infestations of 
planted pines are common. The larvae hollow out and kill the growing 
tips. Infeetatlon rarely kills the tree, but It at tacks continue for a number 
of consecutive years, the trees become stunted and bushy. Infestations 
are usually limited to trees less than 15 feet high. No practical method 
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of control for this insect hu been developed although properly timed ap-
plication of DDT may reduce the severity of Infestation. 
Ponderosa pines on certain hank planting. have been severely attacked 
by a needle cast funguB of the genus lIypoderma. Needle ca8t fungi are 
common on most pinea, but in this case the disease has become epidemic 
and has caused the complete defoliation and death of many trees. No 
method of control is known. 
The fall web worm detoliatea some walnut trees in the early faU. AI· 
though the colony webs of this insect are coNSpicuous, no control measures 
are necellJl.ary as little or no damage is caused by defoliation at that time 
of the year . 
Gra6!lhoppera do considerable damage to young trees. By feeding on 
new branches, they sometimes girdle and kl!l the ends of the twigs. A 
small amount of damage is done to some trees every year. Control Is nor. 
maUy maintained by birds-natural enemies of the grasshopper. 
Rabbits and other rodents damage seeds and seedlings of planted forest 
trees. By feeding on the bark, they may cut off or girdle the main stem. 
Mice often destroy planted seeds. 
Figure 20.-Four·year_Old Vil-ginla ILnd jack pine plantat!on on Weir, No.6. 
banks. Barton County, MissourI. Survival and growth were satlstactory. 
", 
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FIgure Zl.-Although tu out ot its natural range, this 6-yea.r-old yellow 
poplu planted On bankll In Buton County, l.llMourl, has averaged more than 
3 teet of Might growth per year. 
Wildlife and Recreation 
Plant cover on strip-mined areas has created favorable conditions tor 
many species of wildllte. Bank beaver, which have been introduced Into 
lakel and ponds ot strip-mined land in southeastern Kansas, are increasing 
in number. Cottonwood trees growing on the banks are a natural source 
of food for these animals. Other native and introduced animals found 
thriving on bank habitats include: muskrat, raccoon, rabbit, mink, fox, 
squirrel, opossum, skunk, coyote, wolf, ground hog, fish, frog, turtle, qusil, 
song birds, hawks, and water fowl. 
More people used the banks for hunting snd fishing, than for any other 
purpose. The Kansas Forestry, Fish, and Game Commission, and the Mis-
souri Conservation Cornmlasion have been developing these resources as a 
public benefit. Charges are made for fishing and hunting privileges on a 
few private strip-mined areas, 
Recreational developments have been made in two places in Missouri. 
The city of Clinton, Missouri, owns 77 acres of strip-mined land about 3 
miles north of the city. Well adapted tor recreation. this land has been 
leased to the local post of the Veterans of Foreign Wars. A caretaker's 
quarters, several cottages, a recreational hall, boats. and a pond well stocked 
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with ftsh a re used intensively by Post members and their families (Fig. 22). 
Near Montrose, Missouri, a park area of about 80 acres of strip-mined land 
haa been fenced and temporary roads have been cons tructed on the area. 
The 329-acre Crawford County State Park, IOl.!ated 5 miles north of 
Pittsburg, Kansas, is perhaps the best example of an area of strip·mlned 
land managed as a public park. This area is intensively used the year 
round. The town of Mulberry, Kansas, constructed a baseball field by 
leveling a small str ip-mined area: the conversion is so complete that no 
traces of the banks are noticeable. 
RESEARCII IN STRIP-~nNED LAND USES 
Investigations on the development and use of strip-mined land in the 
Province are in the formative stage. Many years of study will be needed 
to develop a definite program for a ll bank conditions. Fortunately, state 
agricultural experiment stations, mining companies, public land use agen-
cies, and many. individuals are interested in thia problem and are conducting 
research on the reclamation of spoils. Relatively few s tudies have been 
started to date-and these are limited. 
The University of Missouri has started tests on seeding legumes and 
grasses on graded a reas. Several mining companies and other owners of 
"!"'lrure :t~.-RecreaUona1 development ot VeterllrUl 
No. 189., on strlp-mined land nur Clinton, M b.sourl . 
of Forden Wart Poet 
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strip-mined land are making large-scale trials of the possibilities of devel-
oping pastures and integrating the use of strip-mined land with neighboring 
unmined land. These trials are yielding encouraging results. It has already 
been shown that banks can be seeded with grasses and legumes by airplane 
and helicopter. The Fleming Strip-Land Reclamation Project in Kansas 
has shown clearly that it is possible to develop orchards and vineyards on 
strip-mined land. 
The Soil Conservation Service of the U. S. Department of Agriculture 
has begun a study on planting forest trees on strip coal lands in Missouri. 
This agency also proposed and supervised several large scale forest plant-
ings in Oklahoma, which are now serving as good demonstration areas. 
The extensive black walnut plantations on strip-mined land in Kansas. 
established by the Civilian Conservation Corps, are serving not only as 
demonstrations but as field laboratories for additional studies on improving 
the quality and growth of walnut trees. The Department of Forestry at 
the University of Missouri has made test plantings of forest t rees on strip· 
mined land in the state. 
In 1947 several forest-planting experiments were set up by the Central 
States Forest Experiment Station, U. S. Forest Service. Department of 
Agriculture, in cooperation with several coal-mining companies. The plant· 
ings were made on 12 experimental areas and were designed to test the 
suitability of species to representative bank types and conditions on strip· 
mined land in Missouri, Kansas, and Oklaboma. Each area, embracing 
more than 5 acres, was planted or seeded with trees or seeds of black 10' 
cust, green ash, bur oak, white oak. black cherry, black walnut, sweet gum, 
eastern red cedar. jack pine, shortleaf pine, loblolly pine, ponderosa pine, 
Virginia pine, and pitch pine. In addition. some of the plantings include 
tests to find the effects of grading stripped land on survival and growth of 
the planted trees. Differences in survival and growth are present, but the 
studies have not been established long enough to warrant drawing con· 
clusions and making recommendations for planting. 
Since 1947 a number of additional experiments have been started. One 
of these is designed to test the effects of mixed plantings of hardwoods on 
survival and growth, particularly of black walnut. Another is to determine 
the possibilities of improving the quality of black walnut by pI'UIling. Mois· 
ture conditions on graded and ungraded banks are also being studied. 
A balanced research program in this field should include such diverse 
studies as the physical and chemical analyses of bank materials. the suit· 
ability and the possibility of improving each set of bank conditions for 
production of forage, fruits, vegetables, forests, fish, game, and recreation; 
and engineering studies to determine whether site conditions can be eco· 
nomically improved by modifying mining methods. 
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" " 
--Davis 97 53 , , .. 
Mayes , 94 , 94 Mahaska 795 16' , 99' 
Muskogee 
'" 
93 67 ". Marlon 88. '96 , 
'" Okmulgee 25 , 
'" '" 
Monroe 
" 
, , 
" Plttsburg , 
" '" 
16' Wapello 
'" 
20 0 '58
Rogers 1,23 1 .22 
'" 
1 ,894 Warren 0 
'" 
0 
'" TUlsa 29. 0 957 1,251 Wa_gI?_~ __ 2,067 46' 
" 
2,621 TOTAL REGION 30,875 19,077 14,711 64,663 
e 
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Partial list of tree species found on strip-mined la.nd In the Western Interior coal 
Province. 
Acer negundo ..... 
Acer 81lccharlnum •. 
Acer saceharaphorum 
All:Lnthus altisslma • 
Betula. n1gnl . • . • 
C",rya alba •••• 
Carya eordilorml$ 
Carya glabra • 
Ca.rya laclnosa . 
Ca.rya ovata . •. 
Cuya pecan ... 
Castanea dentata 
Ca.stanea. pumila 
Ca.to.lpa speciosa 
Celtis sp . . ... 
Cercis canadensis 
CO rnua sp. • .•• 
Crataegus sp •... 
Dlospyros virg1nian& 
Ficus sp. . . . .. . 
Fraxinus americana 
• 
• 
• • 
• 
• 
• • 
• • 
• 
• 
• 
• • 
• • 
• 
• • 
Fraxinus pennsylnnlca var. lanceolata 
Gledltsla trlacanthos 
Gymnociadus diolcus 
lugians nlgn ... . 
lugw.s regia ... . 
l\lJ1lpenls virgtnl.ana 
Urlodendron tullpUera . 
Uquldambar styraeillua 
Maclura pomltera .. 
Malus sp . .. . .. . 
MoNs alba" rubra . 
Pinus Bankslana 
Pinus densillora 
Pinus echlnata . 
Pinus nigra . . • 
Pinus ponderosa 
Pinus reslnosa . 
Pinus rlgl<.b.. • • 
Pinus sylvestrls 
P 1n\lS Stroblls .. 
Pinus 'l'aea. . . 
PlnU!! thumbergU 
Pinus vtrginia.na 
Platanus occldental!s . 
Populus deltoldes ... 
• 
• 
• 
• 
• 
• • 
• 
PrunuS americana" augustifoUa. 
Prunus domestla vu. 
PrWlus persia var .. 
Prunus serotlna .... 
Pseuclotsup taxlfolia. . 
Pyrus communis var. 
Quercus alba ..... 
Quercus borealis" rubra 
• 
• 
• 
• • 
• 
• 
• • 
• • 
• • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
(Continued) 
• 
• 
• 
• 
• 
• • 
• 
· 
• • 
· . 
• 
· . Boxelder 
Silver maple 
Sug:a.r maple 
· Tree of Heaven 
· .. River birch 
. Mockernut or Big-bud hickory 
• 
• 
• 
• • 
• • • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
· Bitte rnut hickory 
· . Pignut hickory 
· Shellbark hickory 
· Shagbark hickory 
Pecan hickory 
· Chestnut 
Chinquapin 
· . D.talpa 
Hackberry 
· . Red bud 
· Dogwood 
· TI10rn apple 
· Persimmon 
· . . . . Fig 
· . White ash 
· . Green ash 
Honey locust 
Kentucky coffee tree 
· . . . Black walnut 
· . . English walnut 
· Eastern Red Cecla.r 
· Yellow poplar 
· . Sweet gum 
· Osage orange 
· ... . Apple 
· .. Mulberry 
· . . Jack pine 
.Japanese red pine 
· . Shortleaf pine 
· . Austrian pine 
· Ponderosa pine 
· . . . Red pine 
· ... Pitch pine 
· .. ScotCh pine 
Eastern white pine 
· .. Loblolly pine 
.1apanese black pine 
Virginia. pine 
· Sycamore 
Cottonwood 
Wild plum 
· .. Plum 
· .. Peach 
Black cherry 
Douglas !lr 
· .. Pear 
· White oak 
· . Red oak 
I . 
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Partial list of tree species found on strip-mined land In the Western interior COal 
P rovince (Continued) 
Quercus Imbrlcar ill. 
· 
. · Shingle oak 
Quercus macrocarpa . 
· · 
. 
· . 
. Bur oak 
Quercus marllandlca . 
· 
· . . Blackjack oak 
Quercus prlnus . . . . Swamp chestnut oak 
Quer cus muehlenbergll . • • Chinquapin o;J.k Quercus palustrls. 
• • • • • • · . 
Pin Oak 
Quercus stellata • • • · .Post oak Q..Iercus veluttna • • • . Black oak Quercus suber . . • • • • • · COrk oak Robinia pseudoacacla . • • .Black locust 
Salix sp. . . . . • • • • · Willow Sassa!ras albl(!um 
· • • 
· . Sassafras 
Staphylea trUolia 
· 
Bladdernut 
lWtodium dlstlchum Bald cypress 
Thuja orlentalls . · Oriental arborvitae 
Ulmu5 52. . 
· · 
· . 
. · . . . . Elm 
46 MISSOURI ACRICULTURAL ExpI:llUnST STATIO!'" 
ParUalllst of herbaceous and shrubby species fOl.lnd on strlp·mined and in the West-
ern Interior Coal Provl.nee. ' 
Amaruth 
Aster 
Blndweed 
Braet planta.in 
Broom.8edge 
BullnetUe 
Buttonweed 
""'Wl Cheat grass 
C!nqllefOU 
Cocklebur 
CrabgrlSl 
Curlydoc:t 
DWy 
Dandelion 
DelpbJ.nl.um. 
Dewberry 
"'" Dogbane 
Euphorbia 
Evellinj: prlmrose 
Folrtal.l grass 
Golden rod 
Ground cherry 
Oumweed 
Hoary cress 
....... 
Knapweed 
Lamb's quarters 
Lespedeza 
Lespedeza. bicolor 
Little blue-stem grass 
Milkweed 
Mm' 
Mu.lIen 
Partrld&:e pea. 
......... 
Peppergra.ss 
Bla.ckberry 
Coralberry 
Le&dplant 
Herbaceous speeles 
Shrubby SJ)f.!clea 
Polson Ivy 
Pokeweed 
Prairie mImosa 
Puncture vine 
Jqpeed 
Rattleb:)x 
Rockweed 
.... 
Sensitive brier 
Sheep sorrel dock 
Shepherd's purse 
Small-flowered cranesbUl 
Smartweed 
Spanish needles 
Spiderwort 
''''''' SunD.ower 
Sweet dover 
Thls:tle 
T\cklegrasa 
TIckseed 
Trefoil 
Trlpleawn grass 
Tumbleweed 
Venus' -looldng-glaSl 
Verbenum 
Violet 
Wild aUaUa 
Wild carrot 
Wild geranium 
Wild lettuce 
Wild morning-glory 
Wild onion 
Wild senna 
Woodbine 
Wood sorrel 
Woolly plantl.in 
Yarrow 
Su=, 
Wild grape 
Wild rose 
• 
• 
'. 
• 
• 
· 
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BOURBON COUNTY 
27 ,. IS 0 Black walnut Few trees 
!J;ifjEQIU;~ !::QUNTY 
32 22 2. 1 Bur oak, cork oa.k P "M Mining Co . 
32 23 • 272 Black walnut, bur oak, green 
"h 
32 23 8 
" 
BlaCk walnut , bur oak, gr een 
ash, ponderosa pine 
32 23 , 11' Black walnut 
32 23 18 200 Black walnut, black locust, 
cot tonwood G. Nettle firm 
32 
" 
,. 30 Black w:a.i.nut Poor survival 
32 
" 
25 
" 
Black walnut, black locust Poor survival 
32 ,. , 01 Cawpa, black walnut 
32 ,. 8 
" 
Catalpa, white ash, blAek wal-
nut, bur oak 30% survival 
32 ,. 
" 
250 Black walnut Fire damage 
32 ,. 18 247 Black walnut Fire damage 
32 ,. 19 208 Black walnut Fire damage 
32 2. 2. 1 l ack pine , eastern white pine About 50 trees 
" " " 
2 CB6!llEQBD J:2l.lt:lD: ~BLack walnut, eutern red cedar, 
ponderosa pine, ScotCh pine, Crawford County 
Lombardy papin State Park 
30 ,. 22 
" 
Black walnut Failed on 20 acres 
30 ,. 
" 
220 Black walnut, ponderosa pine, 
Jack pine Site of quail fUm 
30 ,. 33 , Black walmlt 98'1> fallure 
30 ,. ,. 50 Black walnut 75'1> failure 
" 
25 11 60 Black w:a.i.nut Survival nk.flre 
30 
" 
12 188 Black walnut, mocker nut h.lck- Natural stand!l mixed 
ory, pecan hickory with planted t rees 
30 
" 
13 238 Black walnut, bur oak, black 
locust 
31 2. 3 2 Catalpa, black walnut, black 
locust Fleming Project 
L.6Ii!IU:I:Ei !::QUNTY 
" 
21 
" 
1 Shortleal pine Few Irees 
" 
21 
" 
1 Blaek walnut, Iapanese r ed 
,,,,, Few trees 
!I LoeaUon r@fers to: T ,. To.ashlp South, R ,. Range Eut; S • Seetlon 
Y Roadllde and recreaUonal site spot plantings 
48 MISSOVRI ACRI CULTVRAL £XPERlM£NT ST,lTION 
Ust of natunl for.st stands OlllJlrlE-mllled land in Kansas l 1946. 
Locatloll!l 
T R S Acres SpeCies eianled .. ~ ... 
BOURBON COyl,'TX 
27 ,. 13 21 Boltelder. sUver maple, hack-
berry, dogwood , persimmon, 
honey loellst, sycamore, col-
lenwood, black cherry, pln 
oak, osage orange, elm, bla.ek 
walnut 
CIIIBQIIO~1j !::QJ.l1iD: 
31 2. 20 
" 
Cottonwood Mike Reda. farm 
31 2. 22 9 SUver maple, elm, black oak, 
pin cherry Scn.per spolls 
31 ,. ,. 7 Cottonwood, elm, willoll', catalpa. WUklnaon. fafm 
" 
,. 32 2 Cottonwood 
" " " 
1 Black loe\I.$t 
" " 
26 21 SUver maple , mlllberry, cotton-
wood, blaek ellerry, olage 
orange, elm Closed stand 
" " 
35 15 Cottonwood 
32 2. 3 51 catalpa, cottonwood, bb.ck 
locus! Q\lesnoy farm 
32 ,. 19 
" 
SUver maple, catalpa, cotton-
_d Fire damage 
33 24 7 5 Elm, red oak, black cherry, 
sliver maple, cottonwood 1200 trees per aeu 
27 25 31 15 10-15 yeara old 
" 
,. 1 • 10 yeus old 28 ,. 
" 
25 red oak, u,amp 
chestnut, oak, pin oak, willo., 
"m 10-12 yeuB old 
" 
25 3 5 Cottonwood, pin ou, elm 
" 
25 • 50 Cottonwood, !aIm, .ycamore , black cherry 10-17 yeus Old 
28 25 7 5 Gr een ash, black walnut , cotton-
wood, red oak, bur Oak, pin 
oak, black oak, osase orange, 
"m 
28 
" " 
30 Cottonwood, elm, I llver maple , 
catalpa, black cher ry 
" " 
12 20 Silver maple, elm, black cherry, Mulberry, Kanau, 
persimmon c losed l tand 
" 
25 15 30 Cottonwood 
29
" 
27 10. COttonwood, elm, honey locust , 
black locust, .... mo ... , pin oak, 
green u b, catalpa 
29 25 32 329 Boxelder, IUver maple, catalpa, .. 
hackberry, thorn apple, sreen 
ash, mulberry, cottonwood, 
IJlack cherry, pln oak, willow, Crawford COunty 
osage oranse, elm State Park 
!I Location refers to: 
(Contllluedl 
T .. Township SOuth; R .. Range East; S .. Section 
-
R£SEARCH BULLETIS 475 4. 
List of natural lo rest s tands on s trli! .mlned land 1n K&nsas, 1946 
Location!! 
!ConUnl,led). 
T R S Acres S2!;:clea l!W\ted Rtmart.s 
CRAWFORD COUNTY (Continued) 
29 25 33 , COttonwood Young Stand 
SO 
" • " 
COttonwood. elm, pin oak, ca_ 
talpa, dogwood 
SO 
" 
10 21 Catalpa. green ash, cottonwood. 
pin oak. elm 40 percent stocking 
30 
" 
23 6 COttonwood Site of quail ·farm 
30 
" 
27 76 COttonwood, elm Good stand 
SO 
" 
34 
" 
COttonwood 
30 
" " " 
Catalpa, white ash, green uh, 
honey locust , mulberry, cot-
tonli'OOd, black cherry, red 
oak, willo .... osage orange, elm Good stand 
30 
" 
, 
" 
Cottonwood, elm, green ash, 
willow, osage o range, black 
cherry 
30 
" 
, 
" 
Pe r simmon, sycamore, cotton _ 
wood.. black cherry, p in oak, 
willow, osage orange. elm 
SO 
" 
12 30 Boxelder, Tree of Heaven, ca· 
talpa, cottonwood, plum, black 
cherry, bur oak, pin oak, wll- Natural standa mixed 
low, elm with planted Iren 
30 
" 
IS 
" 
Silver maple , catalpa, cotton-
wood, black Cherry , pin oak, M1Jted with planted 
willow tren 
SO 
" 
18 
" 
Sliver maple, red birch, catal-
pa, perSimmon, green ash, 
mocker nut, hlekor y, sycamor e , 
cottonwood. bur oak. pin oak, 
willo .... elm 
30 
" 
l' 2 Pin oak Eltcellent stand 
31 
" 
12 3. COttonwood, pin oak, black 10-
Cl,Ist, elm Good locuat 
3! 
" 
U 
" 
COttonwood. black cherry. pin 
oak, elm Light to fair stockl", 
3! 
" 
10 , 
eo __ 
,. 21 21 3! 
,reen mock-
ernl,lt 
'ycamon', 
cherry, 
IOCI,l51, 
.lm Edder Farm 
!I Location refeu to: T .. Township South; R .. Range East; S .. Section , 
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List of orchards and easturu on lItrle-mlned land in KansUI 1946. 
LoCation!! 
T R S Acres §fecit! I!:lanted Remaru 
CHEROKEE COUNTY 
" 
,. 29 25 Sweet clover W1lklnson Farm 
" " " 
1 Apples 
32 
" 
2. • Plum, Jl{'&ch, apple, grapes 32 23 • 1 Alfalfa 32 23 18 246 Sweet clover, iespedeza G. Nettle firm 
!;;R.6,Wl2B/2 ~QYl!:n:: 
" 
25 34 
" 
Apple, peach, pear 
" 
25 13 45 Apple, plum , peach A Kurtn Farm 
" 
25 23 10 Apple, peach., pear Madde-Clemens 
29 25 27 17 Chestnut, IIg, pecan hickory, 
bllCk walnut, English w:llnut, 
yellow poplar, apple, pl .. m , 
peach, bla ck cherry Relcktnbach Farm 
" 
25 30 29 Natural piUtlire 
" 
2. 3 1 Peach., apricot , ,",pe 
" 
2. • " 
180 varieties Fleming Strlp ll.nd 
RecllmaUon Pro; . 
LINN COUNTY 
21 25 27 50 Lespedeu Not grazed 
11 Location refer! to: T. TownshIp South ; R . Range East; S • Section 
• 
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List of forest plantations on strip-mined land in Missouri, 1946. 
Location!! 
T R S Acres Species planted Remarks 
BARTON COUNTY 
31 33 6 , Eastern red cedar, Austrian U. of Mo. Extension 
pine, black locust Department 
31 33 7 0.' lack pine, Virginia pine tr. of Mo. Extension 
Department 
31 32 30 7 catalpa, green ash, yellow 
poplar, ponderosa pine, Scotch 
pine, bur oak, black locust 
31 31 19 20 catalpa 
31 31 30 I Eastern red cedar, shortle~ 
pine, black cherry 
IMIES !:;QUNTY 
38 31 4 I Catalpa 
VE;Bt!ON !:;QUNTI 
36 30 II 10 Black walnllt, ponderosa pine, 
red pine Pioneer Coal Co. 
47 10 28 6 
jack pine, 
• 
shortleaf pine, Austrian pine, 
ponderosa pine, red pine, pitch 
pine, Scotch pine, eastern white 
pine, loblolly pine, Japanese 
black pine, Virginia pine, doug- Soil Conservation 
las fir, black locust, Oriental Service Cedar 
arborvitae, osage orange Creek Project 
47 10 
" 
6 Sllortleaf pine, black locust Chas. Guerrant Farm 
" 
II II I Sh.ortle~ pine 
Il"tm:l:: !:;2l!NTY 
40 28 25 , Black walnut, black locllst 
RANDOLPH C2:!'!HT:1: 
54 14 6 3 Black locust FF A planting 
54 14 9 6 Black locust FF A planting 
54 14 19 , Black locust FFA planting 
54 14 19 I Black locust FF A planting 
54 15 , 15 Green ash, sllortleaf pine, black 
locllst Sinclair Coal Co. 
54 15 II 60 Green ash, shortleaf pine, black 
locust SinClair COal Co. 
54 15 14 37 Shortle~ pine, Vlrg1nla pine, 
black locust Sinclair COal Co. 
54 15 15 
" 
Shortleaf pine Sinclair COal Co. 
55 15 23 6 Black locust, shortleaf pine Sinclair Coal Co. 
Location refer s to: T", Township North; R. Range West; S • Sectlon 
List of natura.! fortst stands on strlE-mlned land In Missourl l 1946. 
LocatloJ/ 
T • S Acres ~ec1es 
BARTON COUNTY 
31 31 13 3 Red birch, red bud, peTilmmon, green ash, mockernut 
hickory, black cherry, bur oak, pin oak,post oak, black 
locust 
3l 33 13 5 Red birch, red bud, perJLrnmon. honey locust , shagbark 
hickory, black walnut, black cherry, laurel oak. pin 
oak, bladdernut, elm 
" " 
29 28 COttonwood 
" " 
3D 8 Elm 
33 33 18 2 Cottonwood 
33 33 19 5 CottonWOOd. black cherry. elm 
33 33 29 8 Elm, cottonwood 
33 33 30 7 Cottonwood 
33 33 3l 20 Cottonwood 
li!'\I~ COUNTY 
38 31 • 100 Silver maple, catalpa, thorn apple, persimmon, pecan hickory. black walnut, apple , sycamore, cottonwood, 
black cher ry, pin oak, wlilow, osage orange, elm 
38 
" 
17 112 Boxelder , silver maple, cauJpa, dogwood, black _In\lt. 
cottonwood, wild pl\lm, black cher ry, black loc\lst. wil-
low, osage orange, elm 
39 33 12 12 Chinquapin, dogwood, black cherry, pin oak, osage 
orange, elm 
" 
33 14 10 PeTlimmon, black wlinut, eastern r ed cedar, sycamore, 
cottonwood, black cherry, wUlow, osage oran&e, elm 
" 
33 18 13 Boilelder, sycamore, cottonwood, chinquapin oak. pin oak, 
post oak, willow, osage orange, elm 
" 
33 20 17 Silver maple, dogwood, cottonwood, peach, willOW, osage 
oran.ge, elm 
" 
33 28 13 Boxelder, honey loc\lst, black walnut, sycamore, cotton-
wood, willow, osage orange, elm 
39 33 29 35 Dogwood, cottonwood, black cherry, pin oak, willow, 
osage orange, elm 
" 
33 30 33 Dogwood, cottonwood, black cherry, pin oak, wlllo ... , 
osage orange, elm 
" 
33 8 8 Thorn apple , per simmon, honey locust, pecan hickory, 
cottonTo'OOd, black cherry, r ed oak , bu.r oak, pin oak. 
post oak, black oak, ",lIlow, elm 
YERNON COUNTY 
35 33 17 8 Dogwood, cottonwood, willow, elm 
37 31 • 77 Boxelder , Silver maple, dogwood, tho r n apple. green ash, honey loc\lst, shagbark hiCkory, pecan hickor y, black 
walnut, apple, sycamore, cottclnwood, black cherry, 
pin oak, willow , osaie oran.ge. elm 
38 31 28 
" 
Sliver maple, persimmon, cottonwood, black cherry. 
blackjack oak, pin oak, wUlow, osage or:wge, elm 
" 
' S! 34 8 Thorn apple , persLrnmon, boney locu.st, pecan hiCkory, 
cottonwood, willo .... pin oak, osage o r ange, elm 
C,\LLA.WAY COUNTY 
47 10 28 12 Red birch, per simmon, eastern red cedar, sycamor e. 
ia\lrel oak, willow, sassafras, osage orange. elm 
!Contin\led) 
Y Location r efer s to: T • Township North; R • Range West; S • Section 
, 
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List of IUltunJ forest stands on strip-mined land in Missouri l 1946 (COntinued). 
Location!! 
T R S Acres Species 
" 
" 
42 
42 
42 
., 
., 
39 
26 
" 
" 
" 
26 
" 
" 
25 
26 
" 
23 
29 
32 
8 
9 
6 
!! Location refers to: 
HENRY COUNTY 
I Silver maple 
11 Sliver maple, Tree of Heaven, catalpa, thorn apple, green 
ash, honey locust, cottonwood, willow, o~age orange, 
"m 8 Red birch, hackberry, dogwood, thorn apple, honey lo-
cust, mockernut hickory, black walnut, mulberry, syca-
more, cottonwood, black cherry, chinquapin oak, black 
oak, osage orange, elm 
12 Silver maple, Tree of Heaven, green ash, eastern red 
cedar, sycamore , cottonwood, wild plum, black cherry, 
pin oak, hlack locust, "illow, elm 
20 Honey locust, cottonwood, black cherry, willow, osage 
orange, elm 
12 Elm 
12 Black IOC\lst, elm, willow, osage orange, hackberry 
ST. CLAIR COUNTY 
5 Silver maple, red birch, sycamore, cottonwood, black 
cherry, willow, elm 
T • Township North; R • Range West; S • Section 
List of orchards and pastures on strip- romed land In Missouri, 1946. 
Location!! 
T R S 
32 33 6 
38 
" • 
" 
30 11 
" " 
26 
" " 
as 
., 
" 
8 
., 
" 
9 
., 25 as 
" " " 
" " " 
Acres 
11 
, 
30 
, 
, 
3 
, 
" 
, 
'" 
Species planted Remarks 
BARTON COUNTY 
Pecan hickory, black walnut , 
apple, peach, grapes Toni Panizzi 
1ilb.IE;;2 ~QJ.lHn:: 
Apple, peach 
VERNQN !:;QQNTY 
Lespedeza Pioneer Coal Co. 
HE:tmr CQJ.ll::ilr 
Peach 
Peach 
Peach 
Peach 
Heavy growth of sweet clover Not grazed, leveled 
BANOO1..eH !:;QIlliD:: 
Peach 
Sweet clover z JesEedeza 
!! Location refers to: T", Township North; R = Range West; S " Section 
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List of forest plantaUons on Itrip-mined land In Oklahoma, 1946. 
LoCatiOn!! 
T R S Acres Species planted Remarks 
, 
10 
23 
23 
20 
20 
20 
18 
18 
18 
21 
21 
18 
15 
" 
" 
13 
15 
15 
15 
8 
13 
7 
5 
" 
" 
17 
" 
30 
HASKELL COUNTY 
5 Black locust, bald CYPn!SI, osage 
onnge, mulberry, bLa.ck cherry 
3.5 Black loc",s! 
MAYES COUNTY 
35 Eastern red cedar, mulberry, 
shortleaf pine, cottonwood, 
black cherry, r ed oak, black 
locust, olage orange, elm, 
plum 
ROGERS COUNTY 
5 Black locust 
TULSA COUNTY 
4 Black locust 
19 Black locust, mulberry I utal-
pa, plum, osage orange 
11 5 Catalpa, mulberry, plum, black 
locust, osage orange, ehn 
30 
lucky 
nut, , black 
osage Qrange, elm 
10 Black locult, pear, catalpa., 
eastern red ci!<D.r I sborUeaf 
pine 
3 Slack locust, bald cypress 
Sooner Coal Co. 
Screen planting 
Rhinle Wagner Fum 
Boy Seouts of Amer-
,,, 
Repschlager Farm 
Y I..ocatlon referl! to: T . Township Nor th; R • Range East; S " SecUon 
• 
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List of natural forest stands on strip-mined land in Oklahoma, 1946 . 
Location!! 
T R S 
, 
, 
21 
21 
5 
, 
Acr es Species planted 
HASKELL COUNTY 
15 Sycamore, cottonwood, black 
cherry 
15 Sycamore, cottonwood, black 
cherry 
Remarks 
55 
20 
22 
13 
H 
27 
20 
TUUlA COUNTY 
30 Cottonwood North edge of Tuls a 
20 Cottonwood 
WAGONER COUNTY 
19 27 21 Cottonwood, willow, elm E:l;cellent sand 
!I Location refers to: T ., Township North; R ., Range East; S ., Sectlon 
List of o r chards and pastl,lres on strip-mined land In Oklahoma, 1946. 
Location!! 
T R S 
11 20 31 
21 15 26 
Acres Species planted 
MUSKOGEE CCUNTY 
1 Kudzu pasture 
ROGERS COUNTY 
1 Peach 
Remarks 
Uavell Coal Co. 
King Farm 
!/ Location refers to: T . Township North; R. Range East; S ., Section 
